In this work the production of bioethanol from lignocellulosic biodegradable municipal solid waste (BMSW), was studied. The maximum yield of reducing sugar was 4102.27 mg/L with optimum conditions; initial concentration 4%, pH 6, incubation time 16 hrs., and inoculum 2%. Response surface methodology (RSM) was employed to optimize the process parameters of bioethanol production. Maximum bioethanol yield 332.9 mg/L, was practically achieved fllowing thirty different experimental runs, as specified by 2 4 -full factorial central composte design(CCD). The optimum values for the aforementioned four prameters, corresponding to the maximum yield. were; initial sugar weight = 75 g/L, pH = 6, fermentation time = 39 hrs. (aerobic fermentation = 24 hrs. and anaerobic fermentation = 15 hrs.), and finally yeast inoculum = 2 mL/L. The obtained data were utilized to develop a semi-empirical model, based on a second degree polynomial, which help to predict bioethanol yield. The model was tested using ANOVA software (Design Expert 10) and the (R 2 = 0.9771), which is acceptable. The develop model using to generate contour plots and yield response surface. Maximum bioethanol production was observed in lab scale bioreactor reached to 492.9 mg/L within optimum conditions.
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Material and Methods

Substrate and Media Preparation
Substrate Preparation
Sample collection starts with collecting Banana peels, Orange peels, Lemon peels, Citrus peels, yellow apple peels, red apple peels, wheat and corn residuals. These materials were dried under the sun rays for few days -approximately 3 to 4 days with temperature equal to 30 to 35°C -till it completely dried. The materials grinded separately and sieved by 200 µm sieving to get uniform particles less than or equal to previous size. The equal weight from each substance was mixed together to obtain the final biomass source and used as lignocellulosic waste.
Pseudomonas sp. isolates
Sixty-five isolates of Pseudomonas sp. were collected and identified using EPI test. The isolates were maintained on a nutrient agar and stored at 4°C.
Screening of cellulose degrading Pseudomonas isolates for cellulase production
This test was done according to Kasana et al. [11] . Mineral salt medium (MSM) carboxymethylcellulose agar (CMC) 0.5 g/L, NaNO 3 0.1 g/L, K 2 HPO 4 0.1 g/L, MgSO 4 .H 2 O 0.05 g/L, yeast extract 0.5 g/L, agar 15 g/L, was conducted for cellulose degradation efficiency test. The isolates were grown on CMC agar at pH= 7, were spot inoculated with pure isolates over solid medium and incubated at 30°C for 2 days, to allow for secretion of cellulase. To indicate bioconversion rate activity of the organisms, diameters of clear zone around colonies on CMC agar were measured. The cultures which gave the largest clear zone more than 10 mm were selected for further studies. Secondry screening of isolate was conducted in MSM supplemented with 1% of CMC in submerged fermentation at pH 7, Temperature 30 °C in shaker incubator (150 rpm) for 72 hrs. At the end of incubation time bioconversion rate and reducing sugar concentration were measured.
The effect of environmental and cultural parameters on hydrolysis of lignocellulosic waste
Sugar production depends upon the composition of the fermentation media. Medium optimization for over production of the reducing sugar is an important step that involves a number of physio-chemical parameters such as the incubation period, pH, and initial concentration. For the initial optimization of the medium, the traditional method of "one variable at a time" approach was used by changing one component at a time while keeping the others at their original level. The selected Pseudomonas isolate was grown in nutrient broth for 48 hr at 30 °C, this culture was used as stock culture inoculums at concentration of 2% (V/V). For optimum conditions of reducing sugar production, Rahna et al. [12] supplemented with 1% cellulosic waste powder as a sole source of carbon. The pH of the medium was adjusted to 7.0. cultivation was performed in 250 ml flasks containing 50 mL medium at 30 °C and stirred in a rotary shaker incubator 150 rpm. At the end of each experiment, the reducing sugar concentration and bioconversion percentage were determined.
Effect of incubation time on reducing sugar production
Time course (incubation period) of reducing sugar production was studied. The isolate was grown on mineral salt medium containing 1% cellulosic powder, at different incubation period (0-36) hr at pH 7 and 30°C in shaker incubator at 150 rpm.
Effect of pH on reducing sugar production
The effect of pH on reducing sugar production was studied. MSM containing 1% cellulosic powder was adjusted to different initial pH (5, 6, 7, 8 and 9) , and incubated at optimized incubation period 16 hr in shaker incubator (150 rpm) at 30 °C.
Effect of different initial concentration of cellulosic waste on reducing sugar production
Different concentration of cellulosic waste for reducing sugar production was conducted. MSM containing different concentrations of cellulosic wastes (1, 2, 3, 4, 5 and 6%) (w/v) were used. In all experiments above fermentation was carried out for 16 hr in shaker incubator (150 rpm) at 30 ˚C. The cell-free culture supernatants were assayed for reducing sugar.
Effect of inoculum concentration on reducing sugar production
Different concentrations of inoculum included (0.5, 1, 2, 3, 4, and 5%), were tasted to estimate the best inoculum concentration for reducing sugar production. MSM contained 4% of cellulosic waste at pH 6 was inoculated with above concentrations of inoculums and incubated at shaker incubator for 16 hr at 150 rpm and 30 ˚C.
Measurement of reducing sugar
The reducing sugar in fermentation broth filtrate was estimated by using suitable glucose oxidase kit, Cromatest MR 4×250 by Linear Chemicals was used, date of production 2015. The calculations conducted to manufactures procedures, which is briefly, the blank was prepared by adding 3mL from reagent (R1), and the standard was prepared by adding 30µL of glucose solution to 3mL reagent, 30 µL of each sample (supernatant) was added to 3ml of reagent (R1). These solutions were mixed well and incubated for 10 minute in room temperature, the absorbance of samples was measured at 500nm, then the reducing sugar concentration was calculated by the following equation:
Glucose concentration mg/dL = ×C standard (1)
Measurement of bioconversion rate of cellulosic waste
The experiment conditions were carried out as previously mentioned. After the incubation time, the culture broth was centrifuged at 8000 rpm for 15 min, the precipitate was transferred to previously weighted container. The container with the residues was dried in the oven at 70°C for a constant weight and reweighted. The difference between the initial and the final weights gave the amount of cellulosic substrate degraded by the isolate. The bioconversion rate was calculated by:
Bioconversion percentage (%) = ×100 (2)
Fermentation and ethanol production in a bioreactor
The influences of initial substrate concentration (reducing sugar), pH, inoculum dosage, and fermentation time were studied to select the optimum conditions for fermentation and ethanol production in a bioreactor.
Statistical design of experiments
Central Composite Design (CCD), based on four independent process parameters was used to optimize the ethanol production. These important parameters, which affect ethanol fermentation, are initial substrate concentration, x1 (50-100 g/l); pH-value x2(4-8); inoculum x3(1-3 ml); and fermentation time x4 (24-54 hr) were conducted (Table 1) using the experimental design obtained by full factorial center compost design (CCD). The variable were coded according to the Eq.
Where, is the coded value of variable i, the real value of an independent variable, the midpoint value of the i'th variable range, and stands for the difference of the limiting two values of the i'th variable. The half value of the difference is the step size. Hence,
, and X 4 = A complete 2 4 -factorial design, (ii) n 0 , center point (n 0 1) and (iii) two axial points on the axis of each design variable at a distance of √ , depending on the number of variables K from the design center. Hence a total number of design points of N = 2 K +2K+ n 0 = and is given by the expression N= (star points; 2 k = 16) + (axial points; 2K = 8) + (center points 6). The names and levels of the four independent process parameters, upon which thirty experiments of the CCD matrixes were based, are shown in Table 1 . Whereas the real and coded range and level values of these variables are given in Table 2 . A second degree polynomial was fitted to the experimental data shown in Table 3 using the statistical software package Design expert® 9 to predict the response of the dependent variable and the optimum values of the four independent variables in the fermentation process. The proposed second-degree polynomial is expressed as follows:
where Y is the response, β 0 is the intercept (offset) term, are the firstorder, quadratic, and interaction effects, respectively; i and j are the index numbers for a parameter; and is the residual error.
This polynomial leads to the graphical representation known as Response Surface Method (RSM).
The optimum condition values were used in the LAMBDA MINIFOR bench-top laboratory fermenter to study the bioethanol production, the biomass percentage and remaining sugar with fermentation time.
S. Cervisiae isolates for bioethanol production
Four different types of S. cerevisiae isolates were collected from different markets. Two of these samples took from two different local shops producing Iraqi bread. The others samples were brought from industrial dried yeast used in bakery and pastry productions. For the S. cerevisiae cultivation Potato Dextrose Agar (PDA) was prepared. Using 200g of potato extract suspended in 1000mL of distilled water and boiled for 30 min.
The potato then separated by slight squeeze. The extent stored in a large glass container and then 20g agar added with 20g glucose with slow heating until the agar was dissolved. The pH was adjusted to 5.6 and the mixture autoclaved. The medium then ready to use for cultivation and maintained yeast isolates.
Fermentor uses for bioethanol production
The LAMBDA MINIFOR bench-top laboratory fermenter was used for bioethanol production in optimized conditions. The main specifications of this model are easy to use and with the capacity to measure and control all the important parameters of the biological culture. Also it had to take up minimum space on the bench but with good access to all parts. Total volum of the bioreactor was 5L with working volum 3.75L. The bioreactor is equipped with different probs for pH, Temperature, air and mixing with completely controlled system (Figure 1 ). 
Fermentation conditions for bioethanol production in lab scale bioreactor
Fermentation were performed as described by Ciani and Maccarlli [13] , with some modification. Pure glucose was used as a substrate instead of cellulosic waste to ferment with yeast isolate S. cerevisiae, due to some operational and cultural difficulties as viscosity of cellulosic waste if it's used at higher concentration. The suggested conditions which obtained from design expert 10 were used in the fermentation process in the bioreactor. The MSM medium (3.5L) was supplemented with optimum conditions of design expert, and 0.5% yeast extract. The culture was inoculated by transferring of 2 % (v/v) of activated S. cerevisiae containing (OD= 0.5, 1.5×10 8 CFU/mL) yeast cells.
The fermentation process left under aerobic conditions in the bioreactor for 24 hr at 30°C multiplications of cells and then under anaerobic conditions for 70hr at 30°C. During the fermentation the samples were withdrawn after 0, 20, 24, 44, 48, 67 and 70hr of incubation. The samples of different period of fermentation in duplicates were taken and centrifuged at 8000 rpm for 15min to estimate biomass, total reducing sugar and ethanol. Ethanol concentrations were determined by using HPLC (RID, shimadzu, Japan). The column used in HPLC analysis was trans genomic, USA (250×4.6 Id) with mobile phase 10% (1% trifluoroacetic acid) and 90% acetonitrile with flow rate 1L/min keeping column oven temperature at room temperature with UV. vis at 210 nm detector.
Results and Discussion
Substrate preparations
The preparations of the substrates started with cleaning the wastes from any impurities might effect negatively on the biological reactions. The wastes were cut for small pecies and subjected to sun rays. The wastes were electricaly grinded and sieved by 200 µm cieving, to increase its susceptibility to biological reactions. Pradip Saha et al., [14] reported particls with sizes (45-63μm, 63-125μm, and 125-250μm) which produced high amount of bioethanol from pteris as a biomass. 
Screening of Pseudomonas sp. isolates for cellulosic degradation
Sixty five isolates were collected from different places Industrial, electrical generator, contaminated dyes, agricultural and garden soil. A suitable test was done according to Kasana et al.[11] , method, and modified cellulose agar replacing CMC agar for cellulose degrading efficiency test. The isolates were spot inoculated with pure isolates over CMC agar, and incubated at 30°C for 5 days, to allow for secretion of cellulase. To indicate the cellulase activity of the organisms, diameters of clear zone around colonies on agar were measured. After 2 days, 11 isolates of Pesudeomonas sp. were showed an activate degrader on CMC in solid media (table 3). The isolates gave higher growth more than (10 mm) were selected for screening liquid media. Out of eleven isolates tested, the isolate K16 gave high bioconversion and reducing sugar production reached to (63%) and mg/L respectively. Therefor, the isolate K16 was selected for further haydrolysis process (Table 3) . Pseudomonas species have always been a source of thousands of bioactive compounds. Enzymes considered as one of the important products of this unusual group of bacteria. In the current study Pseudomonas sp. K16 with potential cellulolytic activity was subjected to produce reducing sugar in submerged culture. The culture with isolate K16 subjected to different conditions to select optimum conditions for hydrolysis of lignocellulosic waste to sugar.
The effect of incubation time
The figure 4 showed that the highest concentration of reducing sugar observed after 16 hrs. reached 1759.045 mg/L. Also it showed that after 24 hrs. the sugar concentration was depleted until 36 hrs which reached zero level. The bioconversion rate increased from the beginning to approximately 16 hrs. which it reached a highest rate (50 %), then it decreased until reached 3% after 36 hrs. 
Effect of pH
The modified cellulose broth medium was prepared with initial pH range (5 -9). The best reducing sugar concentration was obtained at pH 6 at 30 °C. Also the results showed that the highest bioconversion rate and reducing sugar calculated were 1636.36 mg/L and 22% respectively, ( Figure 5 ). This result was approximately in correlation with the findings of many other workers, Bakare et al. [15] found pH 6.5-7.0 optimum for the bioconversion of CMC as a substrate by P. flourescens. Shankar and Isaiarasu [16] and Ariffin et al. [17] revealed that Bacillus pumillus produced maximum reducing sugar at pH 6.0. 
The effect of initial concentration of the substrate
Mineral salt medium (50 ml) was dispensed in to 250 ml flasks in duplicate and (1, 2, 3, 4, 5, and 6%) of mixed cellulosic waste were added as substrate source in each flask. The flasks were autoclaved and inoculated with the isolate Pseudomonas sp. K 16 and kept in the shaker incubator for a period of 16 h, pH 6 and at 30 ˚C. Figure 6 , showed that the best bioconversion rate (74.5%) appeared with initial concentration of the substrate equal 4%, with reducing sugar concentration 3506.82 mg/L. The result was agreed with that reported by Harchand and Singh [18] which investigated that S. albaduncus showed highest level of cellulase activity with 3% concentration of cotton used as a substrate. 
Effect of inoculum
The initial inoculum level in the media is a critical factor in fermentation process Shankar and Isaiarasu [16] . The effect of various inoculum size of (0.25, 0.5, 1, 1.5, 2,and 2.5) were tested in MSM at pH 6 and 4% of initial concentration of cellulosic after 16 hrs. From figure 7 it can seen that the maximum bioconversion rate and reducing sugar concentration were (77%) and 4102.2727 mg/Lrespectively, were observed at 2% v/v of inoculum size. Shankar and Isaiarasu [16] found 2% inoculum size optimum for the cellulase activity when CMC used as a substrate by Bacillus pumillus. 
Statistical Analysis
According to 2 4 -CCD, thirty trial runs were adjusted as in Comparison the observed results between experimental and predicted readings shows a good matching in between over the defined range. ANOVA analysis showed magnitude of F-value (144.9) and the low probability value (< 0.0001), proof the significant model fit. Furthermore, the model didn't have any lack of fit and its R 2 = 0.9771, which is acceptable. R 2 0.75 indicates aptness of the model, Chauhan et al. [19] . Also most values of (Probability F) less than 0.05, which confirms that the model terms are significant.
A good explain for that is the linear coefficient x i , the quadratic coefficients x i x j , and the coefficient of x i 2 in equation (3) are all significant with a probability of 95%. The results values behave logically, when the parameters value increased from the lower limits to higher, the bioethanol yield also increased reaching the maximum yield at the midpoint of variable ranges. After the midpoint range the bioethanol yield decreased in spite of variable increasing. This is due to growth-inhabiting effect of high sugar concentration, as well as product-formation which possibly distorts microorganisms' metabolism-poisonous effect, Thatipamala et al. [20] . Finally, the bioethanol production is affected by all independent variables at the fixed temperature.
Graphical analysis
For more understanding to bioethanol production under optimum conditions and interactions between independent variables range, the second degree polynomial model used to build a response surface plots by RSM (response surface method). The threedimensional plots were built by fixed two of independent variables in their midpoint value and changing the other two variables over their experimental range.
The resulting graphics gave an excellent clarification for the effects of initial concentration, pH value, inoculum and fermentation time on bioethanol yield. The effect of initial sugar concentration and pH-value on the bioethanol yield, as a response surface and contour plot, is presented by Fig. 8 . It can be observed that a high-yield plateau exists in the surface over an initial sugar concentration range of 70-85 g/L and a pH-value range of 5.4-6.3. The plot can easily show that the peak production of [21] .
The results in figure 9 , shows the response surface representing the interaction between initial sugar concentration and inoculum volume on bioethanol production. The maximum yield appears over an initial substrate concentration 70-85 g/L and inoculum size 1.8-2.3.
The rate of ethanol production is related to the available sugar concentration. At very low substrate concentration, the yeast starved and productivity decreases [22] . Also the result in figure 10 , shows the corresponding contour and response surface plot for bioethanol yield as a function of initial substrate concentration and fermentation time.
It can be seen that a high-yield (maximum bioethanol production) appears at initial substrat concentration and the fermentation time ranges (70-86 g/L) and (37-45 hrs.), respectively. The result in figure 11 , illustrate the combined interaction of pH values and inoculum size directly on bioethanol production. The maximum yield will appear at pH ranges equal to (5.4-6.4) and the inoculum size ranges varies (1.8-2.3 mL). Also the result in figures 12 represent, the maximum bioethanol yield achieved when pH value changed (5.4-6.4) and fermentation time various (37-45 hr.). With a further increase the ethanol production was decreased because the yeast produces acid rather than alcohol and the groth of harmful bacteria is restarded by acidic solution [23] . The result in figures 13 revealed the effects of inoculum size and fermentation time on bioethanol production. The amount of ethtanol production increased with the increase in the inoculum size. bioethanol appears at (1.8-2.3 mL) of inoculum dosage, and fermentation time varies (37-45 hr.) . Further increase in inoculum volume did not result in the significant enhancement of ethanol production. This finding is in agreement with other worker [24, and 25 ].
Optimization conditions of bioethanol production in shaking falsks and bioreactor by Sacchromyces cerevisiae
As it is obvious from the observed results above, the maximum bioethanol production (332.9 mg/L) in shake flask was obtained at initial substrat (Glucose), pH, inoculum size and fermentation time equal to 75 g/L, 6, 2%, and after 39 hrs. respectively. In comparision the bioethanol production in the lab scale bioreactor, the results showed higher bioethanol production in the bioreactor than the shake flasks and reached to 492.9 mg/L ( figure 14) . The main reasons of increase in bioethanol production in bioreactor are controlling of different parameters in the bioreactor such as pH, Temprature and foaming as well as homogenizing the culture materials in the bioreactor by suitable mixing of all layers. The results in figure (14) explain the production of bioethanol, remaining sugar and biomass production versus the fermentation time. g/l, 6, 2 ml, and 39 hr respectively. 
